Abstract-The Band-to-Band tunneling probability strongly depends on the shape of the potential barrier. However, parabolic approximation of this shape is well acceptable but unfortunately significant amount of error is unavoidable by using quadratic polynomial in calculation of tunneling probability. DeCasteljau's algorithm, followed by Bezier Curve can be modeled to any arbitrary shape using its Geometry Invariance Property and End points geometric property. Using this algorithm a new Band-to-Band tunneling model is designed and verified by establishing an analytic expression of Gate Induced Drain Leakage current in MOSFET.
I. Introduction
IGNIFICANT Amount of leakage current, called GateInduced-Drain-Leakage (GIDL) is observed where the gate overlaps the drain junction as device scaling continues towards deep sub-micrometer region. Band-to-BandTunneling (BTBT) mechanism is deeply dominant here to produce GIDL current. Again this BTBT mechanism is strongly relying on the shape of the potential barrier. This barrier shape was approximated earlier as triangular and recently as parabolic by the previous researchers. To make our problem more crystalline it is highly necessary to emphasize the reason why the triangular potential barrier is reapproximated as parabolic potential barrier. The concept of triangular potential barrier was originated in the case of abrupt junction approximation where diffused impurity profile is very steep. More closer and accurate analysis reveals that impurity profile is actually spread out into the sample which will result graded junction and as well as blunt band edges. The scope of converting any kind of approximation into accuracy is counted as a step towards the success. This typical mentality forces the researchers to generalize the impurity doping profile and the concept of spreading of impurity concentration throughout the sample is dominant. Now the appearance of the potential barrier is more likely to be parabolic rather than triangular. As the edges become blunter the parabolic shape of the barrier is more acceptable. According to J-Chen's research [1] this sub breakdown leakage current is influenced by impact ionization 1 Manuscript submission date . This work was supported by Dept. of Physics, Jadavpur University, Kolkata -India. ArneshSen and Prof. Jayoti Das are with Dept. of Physics, Jadavpur University, Kolkata -India (email: senarnesh.elec@gmail.com ; jayoti.das@gmail.com ) and electron tunneling current from the gate. To predict the mathematical expression of the tunneling current parabolic potential barrier were predicted. Moreover, Kuo-Feng and Ching-Yuan Wu also developed a tunneling current model [2] and compared it with Endoh's Model [3] and experimented data and it resulted a better match. The model, developed by Ja-Hao Chen, Shyh-Chyi Wong and Yeong-Her Wang is handy [4] enough but 8% deviation was seen when it is compared to Chen's Model [1] . At last the hard work of Xiaoshi Jin, Xi Liu and Jong-Ho Lee at last gave birth to an almost error free model [5] by calculating the net magnitude of involved electric field but that model includes rigorous mathematical calculation which was too hectic to frequent application. Another well acceptable electric field expression using work function engineering calculated by Farkhanda Ana and this expression [6] is applied in Kane's Tunneling current model [7] to calculate GIDL current. All these previous efforts have been focused on either electric field distribution or work function engineering and all the results were verified by calculating an analytic expression of GIDL current and most of the cases Kane's Tunneling Current model [8] was used. In addition to that it should be noted all of the previous researchers used the tunneling probability expression from the result of WKB approximation [9] [10] using parabolic potential barrier. In fact to calculate analytical model of electrical characteristic of TFET [11] parabolic potential barrier approximation was used by Kumar and his team as well as Marie Garcia Bardon and her team tried the same approximation for designing pseudo 2D TFET [12] . Well, to sum up, it can be seen that where there was an occurrence of band to band tunneling, either parabolic or quadratic polynomial approach is applied in potential barrier equation. The main objective of this paper is to approximate the shape of the potential barrier in a totally different way and to verify the validity of the proposed shape by calculating an analytic expression of GIDL current and comparing the current values with existed results. De-Casteljau's algorithm to calculate the polynomials in Bezier Curves form is used as a novel weapon to solve this problem. Cubic Bezier Curves were successfully used by M. Sarfraz and his team to capture outlines of 2D shape [13] and Conic Approximation of planner curves by Y.J. Ahn [14] actually injected the virus to approximate the shape of the potential barrier using that same Bezier Curve should definitely result a more accurate expression. To hunt that expression Bezier curves are set to model the shape of the above mentioned parabolic potential MOSFET GIDL Currentby Designing a New BTBT Model Using De-Casteljau's Algorithm ArneshSen and Jayoti Das, Jadavpur University, Kolkata -India S First Author et al.: Title barrier. After calculating the potential barrier expression WKB method is used to calculate the electron Tunneling Probability and from that ultimate expression of GIDL current is expressed. In Section-II GIDL mechanism is explained in details and Section-III contains the details of model development process. Section-IV contains the final GIDL current expression and the result is verified in Section-V.
II. PHYSICAL PHENOMENON OF GIDL
In the context of micromini when conventional lateral MOSFET is significantly scaled down significant amount of leakage current is observed due to GIDL [15] and Body Leakage [16] where the gate overlaps the drain junction. should be maintained to produce GIDL. The generation of electron-hole pair is dependent on critical field strength within the extended depletion region. Covalent bond electrons will be torn out leaving free holes behind and will accelerate towards positive plate of V DG through n + drain. Figure-1 (a) depicts that there will not be any occurrence of band bending as Drain and Gate is not overlapped. In Figure-1(b) a Band Bending is occurred due to negative gate and generation of leakage current is self-explanatory.
III. MODEL DEVELOPING FOR POTENTIAL BARRIER

A. For intermediate Control Point is fixed
We have the equation of the potential barrier with an intermediate control point and to make our model more convenient to the shape-variation of the potential barrier we put a constraint that the intermediate control point can move only horizontal direction by setting y 2 to zero. As the vertical movement of this control point results most of the nonrealistic arbitrary shapes. For the sake of simplicity it is assumed that the horizontal movement of x 2 is restricted at origin. Figure- 
where .
Now for simplicity the equation is normalized at first and then and is set to zero and ½ respectively. Thus the normalized equation becomes,
All the parameters with suffix 'n' are the normalized parameters. 
Obviously vertical axis denotes the potential and A is the proportionality constant which value is set to 400 for model validation. Now, using most familiar steps of WKB approximation [16] we can derive the tunneling probability using our potential barrier equation within the limits of the classical tunneling points 'a' and 'b'(See Figure-2a ) and incoming electron energy is set to . According to WKB approximation tunneling probability can be written as:
Where β is one of the model parameter.Now putting the value of from equation (3) in equation (4) and by setting classical tunneling points from to 0 (Figure-2b) we get,
Where is the normalized value of . By simplifying equation 5 we get, (See Appendix-2)
Where, 
And corresponding modified potential barrier equation is (See Table- 
Now similarly to find tunneling probability with x n2 we have to put the value of from equation (8) (4) and (8) we can rewrite the Tunneling Probability expression with new limits as follows:
Now after putting the value of v(x) from equation (8) to equation (9) we can solve the integration (Appendix-2). After solving we get (10) Where,
And the value of F is given in equation (6.1). Now our equation of tunneling probability (T) with and without x 2 is ready. We can verify our model by varying incoming electron energy E e and Normalized Tunneling width with Tunneling Probability of equation 6 with different bending potential. The three dimensional plot of Figure- 4 will justify our model validity. From the band diagram it is clear that V dg (gate to source voltage) has direct influence on bending potential and that bending potential is one of the most important parameter for tunneling amplification (Figure-5) . To illustrate the influence of V dg over V b we used the relation derived by the previous researchers [6] as follows: .Now let us focus on our Tunneling Probability Expression which includes x n2 (Equation-10). From Figure we already noticed that the structure of tunneling region which means how fast amount of tunneling probability increases with the incoming electron energy is completely depends upon λ. Thus this λ should have a certain physical significance. The existence of graded junction is well familiar and it is also common that the bluntness of the barrier edges of the junction is dependent on doping concentration [17] . The derivations become complicated when we deals with this kind of graded index profile. Exactly at this point the second unique feature of our model is exposed. If we compare the graded junction bluntness variation with Figure a interesting match is noticed and from this point of view we can predict the new parameter λ may be compared to the physical variation of doping concentration. For instance from Figure we can say that with λ=0.3 the transmission probability varies more rapidly than the transmission probability with λ=0.4 as with the increasing amount of incoming electron energy the tunnel width decreases and this decreasing rate is dependent upon λ. If we vary Transmission Probability with incoming electron energy even in small amount (Physically in tunneling window the scope of incoming energy variation is very small also) from equation 10 we get Figure. The plot of figure is the best evidence of our prediction where the curves of different set Figure-6 : Effect of λ over Tunneling Probability based upon λ cross across each other reveals clearly the rapidness of transmission probability. Well, the exact calibration of λ with impurity doping profile is apparently beyond the scope of this paper but to expose the capability of our predicted model it is evident that an impurity profile based model with variable grade constant can be planned using equation (10) .
IV. GIDL CURRENT EXPRESSION
The resultant current density can be related to transmission probability as [18] ∫
Where m 0 is the rest mass of electron, ђ is reduced plank constant and A d is the effective area.f v and f c are probability distribution function of valence and conduction band respectively. By assuming valence band full of electrons and conduction band with no electron we can put f v =1 and f c =0. The value of T(E e ,V b ) is taken from equation (9) and α is another model parameter.Using equation (6), (11) and (12) we can express I GIDL as n function of V DG .
V. RESULTS AND DISCUSSIONS
Our model is compared with both the experimental result and the models designed by previous researcher [4] . Gate induced drain leakage current is plotted against gate voltages for fixed drain voltage. It is shown that our model is fitted within three sigma error ranges of practical data which can be concluded as well matched model. 
VI. CONCLUSION
An analytic expression of gate induced drain leakage current is proposed and verified with experimental data and other previous models. Results are well matched and well fitted within acceptable error range with experimental data. Bezier Curve approach is the key concept to establish our model so all calculations could be done in n easy manner and the extracted expression is too handy to frequent use. Now, the equations formed by the control points are as follows And After eliminating t and neglected the terms where y 3 appears in denominator we get, Here the Bezier Curves are used to model n band diagram. Thus obviously x and y axis denotes distance (in micro order) and energy level (in eV order) respectively. The term A is constant of proportionality and set in 400. Thus either y 3 or Ay 3 appears in denominator and the numerator contains x or x axis related terms the factor can be easily neglected.
B. Appendix 2
Solving Integral of WKB Approximation: 
